Abstract. In the paper the author discussed issues concerning a coal output reserve in a group of collieries. The maximization of a coal output in a group of collieries determines the highest possible work productivity, which is one of key indicators affecting the economic efficacy in hard coal mining activity. The author focused on factors determining shearer's productivity and its effective work time in a longwall. Technical and organisational determinants of work performance are taken into consideration to analyse technical and organisational solutions which make technological processes less labour-consuming. Additionally, the algorithm of the determination of potential coal output reserve in a group of longwalls was presented. The research analysis was focused on a selected group of longwalls of two collieries. The necessary input data derive from source materials of collieries and monitoring of longwalls' work parameters. The undertaken study brought in the estimated changes of work performance in a selected group of collieries.
Introduction
Hard coal mining in Poland has been radically restructured since 1989. All changes in key activity areas concerning technical and technological, human resources, and financial and organisational restructuring were mainly aimed at a better adaptation to changing internal and external conditions of a coal sector. The most important aspect in mining activity was, and still is further reducing a unit production cost and increasing work performance which affect coal companies' economic indicators 1 .
At present, actions undertaken in the Polish hard coal mining sector in organizational, structural, technical and technological changes are aimed at achieving the planned coal production within a limited number of coalmines and longwalls. The production concentration requires the maximum use of the productivity of machinery and equipment and collieries'
infrastructure. Reducing a number of active coalmines and thus productive longwalls can, on one hand, bring economic benefits, but on the other hand leads to increased risks for stable coal production. Therefore, it is so important to undertake in-depth analyses of organizational, technical and technological possibilities for achieving a planned level of coal production for a group of collieries operating within a single coal company.
The production potential of a group of collieries depends on mining and geological conditions and applied technical and organizational solutions. Coalmine's underground and surface infrastructure, installed machinery and equipment, the appropriate selection of employees in terms of the number and necessary competences and skills are factors that determine effective, stable and safe realisation of a production process. Coal production, including extraction, transportation and processing, requires many technological processes 2 that are characterized by specific labour-consumption, which determines the productivity of colliery's technical system.
From the point of view of maximizing labour productivity in a colliery, it is important both to maximize the use of production potential and to optimize human resources in terms of an appropriate quantitative and qualitative structure for effective realisation of technological processes. Labour productivity is crucial considering the criterion of maximizing economic efficiency indicators of a colliery or a coal company.
The important issue for improving work performance and economic indicators in coal companies is the optimal level and structure of employment and effective work time management of employed miners, including external firms 3 . Effective work time and labour consumption determine the level and structure of employment in a colliery 4 .
In the article the author presented the results of the study concerning the issue of a coal output reserve and its influence on the maximum possible work performance in a group of collieries. Key factors determining work performance were discussed and were taken into the analysis of changes resulting in increasing work productivity indicators.
The maximization of a coal output in a group of collieries determines the highest possible work productivity, which is one of key indicators affecting the economic efficacy in hard coal mining activity. The author focused on factors determining shearer's productivity and its effective work time in a longwall. Technical and organisational determinants of work performance are taken into consideration to analyse technical and organisational solutions which make technological processes less labour-consuming. Additionally, the algorithm of a coal output allocation in a group of longwalls was presented to achieve the highest possible work performance. The research analysis was focused on a selected group of longwalls of two 2 
Factors determining work productivity in a group of collieries
For a further analysis, a gross productivity indicator was selected that can be given for a colliery or a group of collieries in the form of a following formula:
where:
Pb -average annual gross coal production [Mg/r], Z -average employment level in a colliery/ a group of collieries [empl.].
Therefore, the way to higher productivity in a group of collieries should be focused on maximizing coal production, which is related to increasing the productivity of machinery 5 
The analysis of a coal output reserve and its influence on work productivity in a selected group of longwalls
In the range of undertaken study the following issues were analysed:
 the choice of a group of longwalls for the analysis, The preliminary stage of the study involved identifying coal mines and longwalls selected for a further analysis. Two collieries were selected, where coal production was conducted totally in 7 longwalls. Basic geological and mining parameters of analysed longwalls were given in table 1.
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A. Gumiński Table 1 Geological and mining parameters of analysed longwalls At the next stage of the study, the parameters of analysed longwalls were monitored, which enabled to determine key parameters affecting shearer's productivity and gross work productivity indicator in an analysed group of collieries. Table 2 Key technical parameters determining longwall shearers' productivity and work productivity in analysed longwalls The coal output reserve in a group of collieries 89 Simulation calculations were undertaken with the work productivity analysis model 6 , which takes into consideration work parameters of an analysed group of longwalls and collieries. To calculate work productivity, the model needed the following parameters characterising the employment level and structure in analysed collieries: To determine the daily coal output reserve for each of analysed longwalls, a calculation algorithm was worked out, consisting of the following 6 stages:
1. Stage -the calculation of effective work time of longwall's crew within one productive shift due to a formula as follows:
where: Table 3 summarizes the synthetic calculation results for all analysed variants. Table 3 The result parameters of simulation calculation in a group of analysed collieries Source: Own elaboration.
As a result of the increase in daily gross coal output in a group of analysed longwalls, the following effects were achieved in the level of the gross work productivity indicators for an analysed group of collieries: 
Conclusions
The analysis enabled to determine a daily gross coal output reserve for an individual longwall and totally for a group of longwalls. Simulation calculations were made for organizational and technical changes focused on increasing shearer's effective work time.
Simulation variants considered the possibility of coal production on Saturdays and Sundays and the reduction of non-technological downtimes.
The undertaken study of work productivity in a group of collieries enables the following conclusions:
1. The factors determining shearer's productivity in a longwall are crucial for achieving a high level of daily gross coal output, and thus determine the level of work productivity in a group of collieries. The appropriate level and structure of employment is also an important factor for a stable and efficient realisation of technological processes.
2. For an analysed group of longwalls in 2 collieries, the potential possibilities for improving the total gross work productivity indicator were determined based on a maximal gross coal output reserve in all analysed longwalls:
 for a variant involving coal production on Saturdays and Sundays, the gross work productivity indicator level is 1 024.2 Mg/y/worker, i.e. the increase by 40.7% in relation to the initial state,  for a variant not involving coal production on Saturdays and Sundays, the gross work productivity indicator level is 837,4 Mg/y/worker, i.e. the increase by 15.1% in relation to the initial state, 3. The key aspect for the activity of coal companies is to increase work productivity through higher level of effective work time of longwall's shearer. To achieve that, the following actions should be undertaken:
 more adequate employment level to realise effectively technological processes in longwalls,
 further changes to minimize non-technological downtimes,  the increase of coal production on Saturdays and Sundays, maintaining a five-day working week for miners,  changes of transportation systems for miners to maximize work time of miners.
